OBJECTIVE-To determine if a single application of a vapor rub (VR) or petrolatum is superior to no treatment for nocturnal cough, congestion, and sleep difficulty caused by upper respiratory tract infection.
effect on subsequent daytime activities. In addition to attempting to improve their comfort, giving medications to children before bed is often an attempt by parents to improve their own sleep and functioning during the subsequent day.
Recent studies 2, 3 and guidelines [4] [5] [6] [7] have questioned the efficacy of many oral over-thecounter (OTC) treatments for URI symptoms. Clinicians and parents have been left with limited therapeutic options to administer to children with these disruptive symptoms. Alternatives to oral medications are popular topical preparations that contain menthol, camphor, and eucalyptus oils and have been used in adults and children for more than a century. [8] [9] [10] [11] [12] Commenting on camphor-containing products, in 1994 the American Academy of Pediatrics Committee on Drugs wrote, "Since alternative agents exist for all indications for camphor therapy, other therapeutic agents that do not contain camphor should be considered." 13 The "alternative agent" for cough and cold symptoms cited by the Committee in 1994, dextromethorphan, was subsequently not recommended by that committee 3 years later in a policy statement on dextromethorphan use. 4 Dextromethorphan continues not to be recommended, 14 and therefore the question of whether clinicians can recommend topical preparations containing camphor, menthol, and eucalyptus oil for URI symptoms in children requires reevaluation.
With no contemporary evidence that supports or refutes the efficacy in children with URIs, this study sought to determine if a single application of a vapor rub (VR) or petrolatum is superior to no treatment for nocturnal cough, congestion, and sleep difficulty caused by URIs. We hypothesized that VR or petrolatum would be superior to no treatment for relief of nocturnal symptoms and that VR would be superior to petrolatum.
METHODS
From October 2008 through February 2010, patients were recruited from a universityaffiliated pediatric practice in Hershey, Pennsylvania. Eligible patients were aged 2 to 11 years with symptoms attributed to URIs characterized by cough, congestion, and rhinorrhea that lasted 7 days or longer. Patients were excluded for signs or symptoms of a more treatable disease (eg, asthma, pneumonia, laryngotracheobronchitis, sinusitis, allergic rhinitis). They were also ineligible with a history of asthma, chronic lung disease, or a seizure disorder. Children with seizure disorders were excluded because of the reported association of camphor with seizures, particularly after ingestions of toxic amounts. 13 Finally, subjects were excluded if on the night before enrollment they used OTC or prescription medication that contained VR components, pseudoephedrine, phenylephrine, dextromethorphan, guaifenesin, diphenhydramine, brompheniramine, chlorpheniramine, or honey.
Subjective parental assessments of their child's symptoms on the previous night were assessed after informed consent was obtained through a modified version of our previously used and validated questions 15 by using a 7-point Likert scale (Fig 1) . Trained study coordinators were responsible for survey administration, and survey responses ranged from most severe symptoms (7 points) to no symptoms (1 point). Minimum symptom-severity criteria for enrollment were established. Only parents who answered at least "moderately often" for cough frequency and "moderately severe" for stuffy nose (both equivalent to 4 points on the scale) on the basis of the previous night's symptoms were eligible.
After stratification for age (2-5 and 6-11 years), each child was randomly assigned in a partially double-blinded fashion to 1 of 3 treatment groups: VR ointment (Vicks VapoRub, which contains camphor [4 ; and no treatment. For the 2 groups that received an ointment, the dose volume distributed was stratified according to age: 5 mL (2-5 years) and 10 mL (6-11 years). The randomization sequence was constructed by a statistician not affiliated with the study and was used to assign treatment groups. All study parents were instructed on routine care for children with URI, including hydration measures, saline nose spray use, and use of acetaminophen or ibuprofen as needed for comfort. Because nasal saline could affect some outcome measures, parents were asked to not use it within 1 hour of bedtime or throughout the night. They were instructed not to administer excluded OTC medications listed above to their child at any time after enrollment and to avoid giving them caffeinated beverages within 4 hours of bedtime.
To maintain investigator blinding, all study groups received an opaque paper bag that contained a glass specimen cup filled with either ointment or no treatment. Given the aromatic and characteristic smell of VR, a series of steps was required to maintain parental blinding. First, a second glass specimen cup labeled for parents was placed in each bag. Although the parent cup for the no-treatment group was empty, similar to their child's cup, the cups for parents in the VR and petrolatum groups were both filled with VR. Second, 30 minutes before their child retired for the evening, parents opened their opaque bag and removed the cup labeled for parent use. Parents in the VR and petrolatum groups then applied the VR between their upper lip and nose before opening their child's treatment. After this, for the VR-and petrolatum-treated groups, parents were instructed to apply the entire contents of the specimen cup labeled for their child to the upper chest and neck area of their child and massage the ointment in for 1 minute. Children were asked not to disclose to their parent whether the treatment had an odor, and the participating parent was instructed to ask other family members also not to comment on this. Lastly, parents agreed not to remove the VR from under their noses until after completing their survey the following morning. This second survey, in which parents were asked the same questions related to the child's illness as those answered at enrollment, was self-completed by parents within 30 minutes of waking the morning after the above-listed procedures. Questions were included to assess additional treatments, including analgesics and nasal saline. Specific questions about adverse effects such as hyperactivity, sleepiness, headache, rash, and skin redness were included as were some inquiring about symptoms associated with VR use (burning sensation of skin, nose, and eyes). Finally, parents were asked what treatment they thought their child had received. Blinded study coordinators contacted parents during that day to retrieve responses. A physician examination was not routinely performed on the second study day.
Sample-size calculations indicated that 138 subjects (46 per arm) would have 80% power to detect a 1-point Likert-scale difference between any 2 treatment groups on the basis of a Wilcoxon rank-sum test with Bonferroni-corrected α = .0167 to allow for 3 pairwise comparisons for outcomes related to cough, congestion, rhinorrhea, and sleep difficulty.
Between-study-group baseline and demographic features were compared by using a χ 2 and Fisher's exact test where appropriate for gender and race and Fisher's exact tests for weight and age. Within-treatment-group comparisons for the 2 nights were conducted using paired t tests. Treatment group comparisons were conducted by analysis of covariance, which was deemed appropriate after assessment outcome variable distribution. For the primary analysis of treatment effect, the outcome of between-night change included baseline scores as a covariate. Fisher's exact tests were used to compare adverse reaction rates between treatments.
The study was approved by Penn State College of Medicine's Human Subjects Protection Office and was registered at www.clinicaltrials.gov before the first subject's enrollment. Informed consent was obtained from participating parents, and verbal assent was obtained from children older than 7 years.
RESULTS
There were 144 children with URIs enrolled, and 138 (95.8%) completed the single-night study. The mean age of the children completing the study was 5.8 ± 2.8 years (Table 1) . Of these participants, 51.4% were female, and 85.5% were described by their parents as white and non-Hispanic. The cohort had been coughing on average 4.3 ± 1.5 days and congested 4.2 ± 1.5 days before enrollment. Of the children who completed the study, 44 were randomly assigned to the VR study group, and 47 participants were randomly assigned to each of the other study groups. There were no demographic or baseline symptom-severity differences between groups.
The baseline symptom scores that described the night before enrollment when no participants received treatment were compared with scores from the subsequent night when VR, petrolatum, or no treatment was given before bed. Within each treatment group, all outcomes were significantly improved on the subsequent night (P < .05 for all). When separated by treatment group, with the exception of rhinorrhea severity, significant differences were detected in the amount of improvement reported for all of the study outcomes in the planned 3-way comparison (Fig 2) . Again, with the exception of rhinorrhea, all of the outcomes found VR to yield the greatest improvement, followed by petrolatum, whereas no treatment consistently showed the least amount of improvement (P < .05 for all).
Because differences existed for all outcomes except rhinorrhea, pairwise comparisons were then performed. For both cough severity and cough frequency, VR was significantly better than no treatment (P < .01), but only marginally better than petrolatum for frequency (P = . 07) and severity (P = .06). Petrolatum was marginally better than no treatment for cough frequency (P = .09), but not better than no treatment for cough severity. For nasal congestion, the only significant pairwise comparison was VR versus no treatment (P = .01); other comparisons between individual treatments were not significant.
The most profound effects in pairwise comparisons were for the outcomes related to sleep. As rated by parents, children treated with VR were significantly more able to sleep than were children randomized to receive petrolatum (P = .006) or no treatment (P < .001). No significant difference was detected between petrolatum and no treatment. Similarly, parents of children treated with VR rated their own ability to sleep as significantly better than did parents of children randomized to petrolatum (P = .008) or no treatment (P < .001).
A combined symptom score was calculated using all study outcomes: cough frequency; cough severity; congestion; rhinorrhea; child sleep; and parent sleep. In addition to the significant 3-way treatment comparison (P < .001), VR was significantly better than petrolatum (P = .03) and no treatment (P < .001) whereas petrolatum was marginally better than no treatment (P = .08).
To help understand parents' ability to judge their child's nocturnal symptoms, parents quantified the number of times they checked on their child between the time the child went to sleep and the time they awoke. On the night before enrollment, parents reported checking their child a median of 4 times (interquartile range: 2-5); they checked their child a median of 3 times on the treatment night (interquartile range: 2-5). No significant difference was detected between treatment groups for either night.
Several secondary analyses were conducted. First, there was no effect of illness duration on treatment effect. Second, parents were asked about other therapies used on the treatment night both before and after the treatment bag was opened. In the hours between enrolling in the study and opening the treatment bag, there was a significant difference between treatment groups in the use of acetaminophen (P = .004), with 36% of petrolatum-treated children receiving the drug compared with 16% in the VR group and 9% in the no-treatment group. There were no significant differences between groups for any other remedy. After opening the treatment bag, 13% of children in the petrolatum group were given acetaminophen, compared with 7% in the VR-treatment and 0% in the no-treatment groups, respectively (P = .03). Among children in the no-treatment group, 9% were given a cough and cold medication by their parents, whereas no child in the other 2 study groups received such drugs (P = .03). There were no other significant differences between groups for other remedies.
Adverse effects were more common in the VR group (Table 2) . Twenty (46%) participants in the VR group reported at least 1 adverse event, with nearly all of them being expected, mild irritant adverse effects. 16, 17 Parents of 28% of participants in the VR group reported a burning sensation of the skin, whereas 16% and 14% reported a burning sensation of the eyes and nose, respectively. No child in the other 2 study groups had these adverse effects (P < .001 for all comparisons). Importantly, within the group of 44 VR-treated children there was no significant differences in any study outcome, including sleep, for the 15 children who reported a burning sensation of the skin, eyes, and/or nose compared with the 29 in that study group who did not report these symptoms, which supports the notion that these were of mild severity. All other adverse effects were rare and did not differ between the 3 study groups.
As expected, all 47 (100%) parents who applied no treatment correctly guessed their child's study group when surveyed the next morning. Among VR-treating parents, 38 of 44 (86%) guessed correctly, as did 42 of 47 (89%) parents of petrolatum-treated children.
DISCUSSION
The results of this study indicate that an old, commonly used remedy is effective at providing symptomatic relief from nocturnal cold symptoms. Combinations of aromatic oils in a petrolatum base have been used for generations, but this study demonstrates that this therapy is indeed effective. As rated by their parents, children with URIs who were treated with VR had more nocturnal relief from cough, congestion, and sleep difficulty than did children treated with a placebo ointment, petrolatum, or with no treatment.
The benefits of aromatic compounds that produce a cooling sensation such as menthol seem to stem from effects on the TRPM8 cation channel. This channel is activated by menthol and thermal stimuli in the cool to cold range, which indicates that the cool sensation elicited by compounds such as menthol acts on a thermally sensitive receptor. 18, 19 Most likely through this mechanism, menthol has been shown to improve the nasal sensation of airflow in congested adults with URIs 20 and healthy school-aged children. 21 Compounds that contain menthol and/or camphor have also been shown to reduce respiratory rate and restlessness in children with acute bronchitis, 22, 23 reduce evoked cough in healthy adults, 24 and improve mucociliary clearance in adults with chronic bronchitis. 25 The improved ability of children to sleep with VR is noteworthy. A child's inability to sleep during a URI can be disruptive to their daytime functioning as well as the functioning of other family members. The significant benefit seen in ability to sleep for those in the VR group is an important finding for families especially given the positive effect that parents reported for their own sleep after VR application to their child. Although improved parent sleep is obviously related to child's sleep, the mechanism by which sleep is improved for children with URIs treated with VR is unclear. It is probable that some, if not all of this effect is because of relief of other symptoms. Whether an additional mechanism of aromatics is contributing is unclear. Nonetheless, the benefit on child sleep is clear in this study and indicates that the relatively common irritant adverse effects were generally transient.
Although the investigators were blinded to all 3 treatment groups, one-third of the cohort, those in the no-treatment arm, were unblinded. Also, although every attempt was made to blind parents to whether their child was treated with VR or petrolatum, adherence to the protocol details could not be guaranteed. In addition, parents of participating children who experienced the sensation of skin, nose, or eye burning were likely to realize which treatment their child received even if they adhered to the protocol as instructed. Next, it is notable that children in the petrolatum group were given acetaminophen more commonly by their parents. Explanations could relate to differences in the illnesses for this treatment group or to differences in parenting practice, but symptom severity for the outcomes of interest was not different at baseline. Related to rescue treatment, 9% of parents in the notreatment group admitted to administering a cough and cold medication overnight despite explicit instructions not to, which indicates that some parents have a strong desire to do something for URI symptoms and are not content to simply observe their children or provide "supportive care."
An additional study limitation is that each child had a physician visit between the 2 study nights, which may provide some of the explanation for the improvement in all of the groups, including the no-treatment group, because parents may have been reassured that their child had a URI instead of a more severe illness. Alternatively, some of the improvement in all groups can also be attributed to the natural history of URIs, which generally improve with time and supportive care. The subjective survey used for this study may also be considered as a limitation, but clinicians and parents often make decisions on the basis of subjective assessment of symptom severity, which has been argued previously. 3, 26, 27 Some clinicians may express caution about using a product that contains camphor because of the association between toxic ingestions and adverse events such as seizures. [28] [29] [30] [31] [32] Historical concerns over the toxicity of camphor centered on the ingestion of camphor as a liquid preparation, camphorated oil, 13, 33 and a recent report of seizures was associated with ingestion of illegally sold camphor. 28 In contrast with oral ingestion, dermal exposure to camphor, as occurs when following the directions for use of VR, results in low systemic exposure. 34 Serious adverse events such as seizures associated with dermal exposure are generally limited to young infants in whom VR use is not recommended. 30, 35 Minimizing safety concerns, the Food and Drug Administration approved camphor as an effective antitussive, but limited the concentration in preparations to 11%. 36 The concentration in VR ointment is 4.8%. Although recommended only for topical use, at this concentration it is estimated that an ingestion of 20 mL of VR is required to produce toxic effects and 40 mL to potentially cause a fatality in a child younger than 6. 29
CONCLUSIONS
Parents desire effective therapies for their children with cough and cold symptoms, and clinicians want to offer evidence-based therapies. Although limited data support many commonly available and OTC remedies for cough cold symptoms, the current data indicate that VR helps to fill the therapeutic void. Despite mild irritant adverse effects, VR provided symptomatic relief for children with URIs and allowed them and their parents to have a more restful night.
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WHAT'S KNOWN ON THIS SUBJECT
There are few evidence-based therapies for children with cold symptoms. Topical aromatic compounds are widely used to treat cold symptoms without contemporary evidence to support this practice.
WHAT THIS STUDY ADDS
A vapor rub combination of camphor, menthol, and eucalyptus oils provided nocturnal symptom relief for children with cold symptoms. Children treated with vapor rub had improved sleep, as did their parents, when compared with children given placebo or no treatment.
FIGURE 1.
Survey questions to assess nocturnal URI symptoms. Between-night treatment effects of VR, petrolatum, and no treatment on (A) cough frequency (P = .003, 3-way treatment comparison), (B) cough severity (P = .02), (C) severity of congestion (P = .04), (D) severity of rhinorrhea (P = not significant), (E) child's ability to sleep (P < .001), (F) parent's ability to sleep (P < .001), and (G) combined symptom score (P < .001). N/S indicates nonsignificant. 
